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DEPARTMENT OF THE AIR FORCE 
HEADQUARTERS AIR FORCE CENTER FOR ENVIRONMENTAL EXCELLENCE 

BROOKS AIR FORCE BASE TEXAS 

5 Jul 94 

MEMORANDUM FOR OO-ALC/EMR 
ATTN: Andrew Gemperline 

FROM: HQAFCEE/ERT 
8001 Arnold Drive 
Brooks AFB TX 78235-5357 

SUBJECT:    Completion of One Year Bioventing Test, Hill AFB UT Sites 204 1 
214.1,228, and 924. '      ' 

The Air Force Center for Environmental Excellence (AFCEE) one-year bioventinq 
test and evaluation project at the above sites has been completed. Each site-specific 
Figure 1 provides general site information and each site-specific Table 1 provides a 
summary of initial, six-month, and one-year fuel biodegradation rates measured at 
several monitoring points. Each site-specific Table 2 provides a summary of initial and 
final soil and soil gas sampling results for total recoverable petroleum hydrocarbons 
(TRPH) and benzene, toluene, ethylbenzene, and xylenes (BTEX). Based on results 
from your sites and 109 other sites currently under operation, bioventing is cost- 
effectively remediating fuel contamination in a reasonable time frame. We recommend 
its application on your installation using the criteria in the AFCEE Test Plan and 
Technical Protocol for a Field Treatability Test for Bioventing, May 1992 includinq 
Addendum One, February 1994. Given the results from the rigorous testing and 
evaluation of bioventing at Site 914, AFCEE Bioventing Initiative sites and base 
installed bioventing sites, it is obvious that bioventing is a viable remedial alternative 
that can meet regulatory site closure requirements. AFCEE/ERT recommends that the 
above sites be slated for final soil sampling in support of site closure. 

The objective of the one-year sampling effort was not to collect the large number of 
samples required for statistical significance. It was conducted to give a qualitative 
indication of changes in contaminant mass. Soil gas samples are somewhat similar to 
composite samples in that they are collected over a wider area. Thus they provide a 
good indication of changes in soil gas profiles and volatile contaminant mass (see 
Addendum One to Test Plan and Technical Protocol for a Field Treatability Test for 
Bioventing - Using Soil Gas Surveys to Determine Bioventing Feasibility and Natural 
Attenuation Potential, February 1994). Soil samples, on the other hand, are discrete 
point samples subject to large variabilities over small distances/soil types   Given this 
variability, coupled with known sampling and analytical variabilities, a large number of 
samples would have to be collected to conclusively determine "real" changes in soil 
contamination. Because of the limited number of samples and placement of samples 
these results should not be viewed as conclusive indicators of bioventing progress or' 
evidence of the success or failure of this technology. In situ respiration tests are 
considered to be better indicators of hydrocarbon remediation than limited soil sampling 
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Because this is a streamlined test and evaluation project, our contract does not 
provide for additional reports to the base on pilot study results. The interim results 
report dated Sep 92 contains as-builts and initial data. This letter summarizes all data 
collected and provides next step recommendations. AFCEE is no longer responsible for 
the operation, maintenance, or monitoring of the Hill AFB Sites 204.1, 214.1, 228, and 
924 bioventing systems. We are initiating a contract to extend monitoring at'some sites 
beyond the initial one-year test. Monitoring will include soil gas and respiration tests to 
document hydrocarbon degradation. Also, the collection of sufficient final soil samples 
to statistically demonstrate site cleanup is being contracted at numerous sites. If you 
are interested, please call us. AFCEE/ERTs and Hill AFB's involvement in the Western 
Governor's Association Demonstrate On-site Innovative Technologies Initiative should 
provide a good opportunity to utilize bioventing experiences at Hill AFB to further 
acceptance and understanding of bioventing principles. 

The blower and accessories are now base property and should continue to be 
used on this or other bioventing sites. Although current equipment is explosion proof, 
under no circumstances should it be used for soil vapor extraction unless appropriate 
explosion-proof wiring is provided. If the base does not want to keep the blower or if 
you have further questions, please contact us at DSN 240-4331 or commercial 
210-536-4331. Please notify AFCEE/ERT if inadvertent releases have occurred or 
further site characterization efforts have detected contamination in areas that were not 
sampled previously. 

On behalf of the AFCEE/ERT staff, I would like to thank you for your support of this 
bioventing test and evaluation project. The information gained from each site will be 
invaluable in evaluating this technology and will promote its successful application on 
other DOD, government, and private sites. I have attached a customer satisfaction 
survey. Please take a few minutes to fill it out and tell us how we did. We look forward 
to hearing from you. 

^w^L 
MILLER, Lt (fcol, USAF, BSC 

lechnology Transfer Division 

Attachments: 
1. AFCEE Bioventing Initiative Site Map 
2. Hill AFB Bioventing Data, Tables 1 & 2 
3. "Using Risk-based Standards will Shorten 
Cleanup Time at Petroleum Contaminated Sites" 
4. Addendum One to Bioventing Test Plan 
5. Survey 

cc: HQAFMC/CEVR 
AFCEE/ERD 
Western Governor's Association Military Wastes Working Group 



_ 
CD     u) 

o> .£>   co 
C    Q.   <u 

CO     ^    T5 ™   o .52 fti*fl 
^^*^1 a>o.tr 
mm o i2   S 
■*?] to   <S   a 
K<*V c  Ü   c 
r^m *S     CO     m 
^^^^M CO   S     g ^^^^^M 
^^M (O     =    < 

(?<ifl 



o 

\ 
.UJ 

5   ui *\ 

'-        Ui 

u 
.< /    if O 

CO 

o / 

09 
i 

CO 

P5 

< , 

O t 

tu 

03 

if. 

Ö 

03 Iff ,   ■ Ü 

(if o 

fill 

■1334/is 

JO) 

/(O 





CO 

s 
D 
co 

§ 

Ö 

< 

CO 

< 
Ü 

ago 
£§< 
co 3 NJ 

3* 
CO 

< 

Ü 
u 

J9 
k. 
9 
Ifl 

•o a s 
2, 
* 
0 I 
o 

a 

CN 

E 

•a 

o 
I 

O    rt 

CQ  B 
CO i-i 

"3 

B 

2 
im 
Ä 

»9 
CQ 

a 
'o 
1/5 

f;   JS   S   W   r<", 
-8888 

V V 

Q   n   O   in   H 
'O   if)   \o   oo   f. 
"i    O    O    O 

£; £J CJ £> <*•> S8S88 
V    V    V    V if? 

>n   o   vg   CN   «s 
^ S 8 8 g 

v  v 

«   m  a  N  M 
^8888 

v 

o   *o   m   r-   m 2  s N H » 

> 

B     B     V flag 
> 
s a 

u 
T  es CN   S 

T>T /< i 
r-l   <-> 
*w 

r-1 o — 

< 
Tf   — 
o .2 cs a 
ffl 'S 
CO M 

k> 
/-«  es 
>n jo 
o\ >■< 

C7\ ^ 

«-H 
o 

< ^ — 
Q    C9 

CQ -g 
CO £ 

^H- 

"w» 

Tf o 

3* Tf — 
o .2 c3 a 
CQ -a 
CO w 

S 
i 
b 
ca 
8 

■ft 
>■ a 
« 
3 

8 2 S g jq 
J-S  v   v  v 

o 
>n 

»->    fN   00 
SD   ^ o 

r-- 
§ 

O   rr,   TJ-   pr, 
15 8 8 8 

R 

v  v 

S«n   t^   o 
o 

V 

je   2".   «   f, p  o o  o 
V   V   V   V 

8 a 8 £ ^ mo •   ^ 

oo 

O 

1 

00 

Sit»* 
w 8 a s ^ i § g I & 

a       S 
s 
CO 

"5 

o 
I 

CQ 
CO 
u 

"3 

I 
o u 
S3 

■B. 
E 
es 
M 

13 
u 

es a 
es 

•s. a o s    s 
ass "5.-0 « 

flllll 
•S ^ -a JH M § 
3 JL 'a JL z ^ 

■ö •& "«J 2a "Si, i 



e> 

—J 

o 
a o 

n _i o z 
2 
Ul 

£ z 
a: 

o 
5 Ul 

m 
o 
Q: 
a 

o 
Ld 
_l 

I— 
z 
«Si 

o 
t- 
z 
o 

Ul 

< Ul 
_i 5 5 z to w 
< a _J 

< 
< 

a: £K z K CD 
t— O 3 £ z a o _j _i 
Ul < a: o < n u > o u. m to 

< O D • * 

CO 
I 

CO 
< 

lli 

a 

O 

< 
ü 
o 
-I 

a 
UJ 

o 
-J 
03 

UJ 

55 

X 
< 

m 
LL 
< 

■ u 
z 
■ 

III u z 0 

Ul a 
V. u 0 

in ■ 
u 
Ü 

13 
z > ■M 

K 0 
Ul 0 
Ul 
Z 
Q 
Z 
Ul 

CM 
O 

I 
< 

m 
Ul 
UK u < Ul 

o< 
fc£ 

3 ffi 

I 
o 
of o 
I 



0> Vi 
3 2 

'S 2 c 
CO   Q. o 

E 

°M           Vi ^  a     -5J              r- 
H-2 i-               <M 

CB 

Is»** ro a 
i 

*-.   ^.^ 
a »/I 

(N 
E o 

^J o p 

* 
*w 

C/5             I 3 
CO 
2 &b 

~ o  ÖL ? •3 
CO 

< 
1-1           rW ia

l t
e 

pl
ed

. 

tf 

o 
u-        H •a s 

o t 
ea              "sr- 
S =     -9-, 

N*< r=         ra «a o 

L
E

I 
21

4.
1 

E
G

R
A

D
A

T
 

B
, 

U
T

A
H

 

an
m

 (
he

b.
 

D
eg

ra
da

l 
R

at
e 

(m
e/

ke
/V

e 

</■> 

o o 

14
A

-0
1.

 

no
rt

h 
of

 S
B

21
4A

-0
1 

w
er

e 
in

st
al

le
d.

 N
S=

N
 

S     ^ 

SliS W2J -    ~ 
"& SB

2 

fe
et

 
pi

es
' 

<ri 8 

o 
3 

—   ea *-. 
O sy 

CO 
2 

il 
le

ve
l a

t 

' g
ra

de
 5

 
er

m
oc

ou
 

«      a MU .3          g J3 *-»       o ** 
u .5       »2 

R
E

S
P

I 

lit
ia

l (
Ju

ly
 1

9 a      %, 
o       •- 
« » g 
«   «   M 

Q       S 

54
0 

f s
oi

l p
er

 y
ea

 
sa

m
e 

as
 th

e 

d 
at

 1
2 

fe
et

 b
 

co
nt

ra
ct

or
, r

 

^■4 

1-1      ^_ 
p (  •»          ca JO ^-^ 

a 
E 51

* 

gr
ai

 
ili

s 

in
st

 
no

t 

^d* 2              c 

ö             •* es
oi

 

w
as

 
by

a 

* *     7 "2 
^■^ Q 

en 

| 

SO
)«'

 

dr
oc

ar
bo

n 
re

 c
on

te
nt

 

r p
ro

be
 M

 
w

as
 p

er
fo

: 

•B 7                  >■ 3        Oa 
a 
<u 
Q 
a -0

1(
5-

 

m
so

f f
a 

s 
m

oi
st

 
11.

 
ar

yv
ap

 
ta

lla
tio

i 

.o *             I 8*g,J 
8 S             3 

L 

• 

- 



C/3 
H 
D 
C/J 
W 

Ü 

< 
Z 
< 
CO 

<X 
0< 

.   ■<*■   *■<   kJ 

JNCCffl 

oa 
CO 

< 

i 

Q 

< 

u 
u 

3 
M 

■o 
a 
a 
o 
ha 
Ml 

"o 
«a 

u 

CM 
u 

a 
.SL 
« u 
o 

'S, 
E 
a 

5/5 

03 

O    ft ft vo    00 <N    (N fS S»    S 
VO    O O O 

V* V 

O    ft   «    N    H 
VO     ~     £.     IT)     VI 
ft   o   o 

«> 
k. 

CM CQ 
l-H <U 

i >- 
^H | 
T-H 

i-* 

*"H 
o 

s S 
(N 
CQ •'S 
C/3 a 

£ £i £} £J M "^  o o o o »'I   o o o o 
O O o o 
V V V V 

o o 
vo   V 

TJ-   oo 

•O   vo 

2 

o 
ft 

D      ST 

5,   a 

<    w 

£     B 

>   <u   o 
H   CQ   H 

I 
a 

E 
a 

.CM 

u 
a 
u a, 

& 
CA u 
a 

S3 $ 

o 
•a 

o 
C/3 

60 

lllff 
w   a    8    «f    » 

«   u  sä   a a.   g   a   >■> S 
PS   cj  "S  5 "£, 
H  CQ   H   W  X 

S' 
3> 

.a 
o 

E 
... " 
a 6b E o 
S "3 

S * > w 

II 
o 3 

Jüo 
* 

a 
o 
Ü 
a 

* B 1 
& if     I 
€|       * 

g T3 tM ft   E 

It E r=- a a$ 
<« 3 a o o 2_- 

P       JJ   o   » fj ^«= S s8 
^•S  8j4ai:§ 

i i.f ml 
- II 2 b 9 H S 

Z 
II a £ | £ .a jS 

S tJ =& 

L 



o 
Lü 

I I 
i I 

Of 

* I 
< 
5 S 
Z O. 

3 5 
SH o a 

3    O 

o 
to 

a: < 

i 

♦ 

a Ld z O 
j < o oc a: o 
Uh 

(/> 
2 * * o 1 z m 0. < < -i >- 



1 



e/3 

Ö 
CO 

< u »-* 
H 
>< 
►4 

< 
CO 
<K 
Ü < 

cs oo jJ fc 

^~§< 

0B 

CO 

a: 
< 

Q 

< 

H 
2 

es <N •*   r<~,   ** 
"    1-    *-l    wi 
o   o   o   o 

g 
a 
o 
i«, 

» 

■a 

o 
.« 

00     I 

ft, 
s 

I 
00 
<s 

X 

u 
a| 
B 
eg 

»3 

S* 

<«       o 

'5 
D 

•a 

U 

IS. 
73 
a 
< 

o   >o   ^ 
©   >o    "^ 

~   J5   !C   °"   ""> CN     O     C.     -H     o 
'JON 

O 

2  S  a  N  oo 
•   q   o   o 

in*, 
CO 
2 

2  S?  ")  w 
Z   2   2   2 

00 
tN 

I 
1/1 

> 
I 

00 

a 

> 
e a a. 

X 
> 

> 
0 e 
3 ä 

> 
D. 

<U u      C 
c c    8 » »£ 
B a & 

_<0 o    * 

s 
Q. a. 
Ul 
O 
c u 

CO   H   W   X 

B 
O 

x> u es 
u o 

■a 

O     00 o   o 
"! d oo   *o TO   «N 

V 

o e o co 
8 £ o o O O O O q o o o 
V V V V 

O    (N    «N    -<    o 
§   -  H   o  8 

«3 
2 

V3 
2 

o 
oo' 

B 
U 

JO 

H   CQ   H   W   X 

u 
3 

o 

U 

e 
cd 
i* 

_    60 

•H 3 

* 8. 
D.  M 

M       5 

E 2 
3 .2° 

"3 j§ 
11 

.2 eo 

s   • 
s » ^ 
r A r- 
es  js "a 
a S S 
II   ~ 

E  <T' 
C9   f> 

> i CM o 

Cu.fi JO t- 

°* E *""  § 
BSO"nc«iä— eg 
O-S-niJ u«t5 B 

'S   £   «  S  a.^™"0 

e»5 

00    O  S 

"2 = 
0 ,1   B 

5 o "o 
K  CS    B 
^3    I     § 

1 <N    4) 

&>   '     B 

S   B   S o  o  Z 
et'B  a 
w    w    o B    O    O 
o   o  ** 

> 
I 

00 

a 
X 
cd 

"8 
u 
u 

"3 u 
o 
a 
E 
Cd 

s 
O 

cdoBwj2oQ,«.TJtS 

| o^o«« --a 3.2 -s 
S  b  «   S  K   u S  o Ö S JO *>- ■a   »   « •=   S 'S 2   IP 

3 S   ,    ! « ^  B  '   u 



a 
UJ 
LJ 
Q 

Q 
Z 
Lü o 
UJ 

z 

I- 

a. 
UJ 
LJ 
O 

I— 
LJ 
UJ 
U. 

m 

o 
UJ 
m 

o 
< 
to 

lä Q. a. z tr 

— O 
ü 
z 

o 
z 

UJ 

< 
UJ 
i— 
UJ 

1 or o: i— i— i 
■* Z o o z o 
o2 i— 

z 
t— 

z 
o 
Q. 

UJ or 
i— 
UJ 
z 
UJ 

o ü 20 

O — 

2 2 _l 
< 
Z 

<H- 

or CC 
(/)< D. 

lJ- ~ o o 3 0D< UJ 
or a: Q. a or <o z 
UJ < < < UJ a:x o a-O» > > i— OUJ o 

C/1 
CD 

< iruj 
_1 °- -5 

UK? 

OOZUJ 

n2Q. 

z 
g 
i— 
< 
> 
< 
o 
X 

CO 

u. 
O 
CO 

_i 

UJ 
I— 
< 

X o 
or 
a. 
0. 
< 

■vw— 

< 
co 
o 

o 
z 

©   ®  <   © 9 

111 
DC 
3 a 

3 
03 ■ 
CO 
< 

z  <* 
O ex 
p °> 
<   UJ 
Ü   H 
P 55 

o 
-I 
a 

■ u z ̂
 

Ul u 
I z 
< Ul 
h- 
D u 
CO in ■ 
LL 
< 0 
_l Z 
_J 

I K 
ui 
Ul z 
a z 
Ul 

o 
z 
a 
D 
m 

tr 
i— 
10 

o 
z 
o 
o 
UJ 
CO 

o 
in 

CM 

to o 

o 
I 

o» o 
CO 
IS 
CM 



e/5 
W 

Z 
o 

o 

ei 
I—< 

1/1 
w 
es 

ON 
ON 

,£>■ 
s 

I 

f. 
ON 

*—4 

J3 u u 
ts 
2 

C3   ^ 

s 
(2 

IP *    1 

*p o 

—1  fl» 

on   g,^ 
E 

1JI 
Q 

I 

o\ 
ON 

3 

a 
*E 

o 

VL 
E 

 2" 
e     "a 

%      ^ «    U    § 

23^ 
Q     ff 

a 5T 

on 
2 

on 
2 2 

on 
2 

oo on 
2 

r>» 

00 00 on o o o 2 
o o 
o o 

on 
2 

on 
2 

on 
2 

ON 
O 
o 
o 
o 

on 
2 

on 
2 

o on 
2 00 

on 
2 

on 
2 

<M 

O 
o 

on 
2 

on 
2 

on 
2 

<s 
o o o 

on 
2 

o o o o o o o o\ o VO cs €*"■ m ■"» rf. 

o 
ON o o o o 

r-L       N fN| 

W 
on on 

ON ON 

rt 
ON 

£353 

•a 
o 
a. 

■ E 
■* « S«8 
Mo 
22 
CQ   || 
"n W 
J3 Ä 
** 

H •= ON 

-"3 °* in -2 <-• 
_«:  w —. 

es .S "3 
ON   0 Pu 

.•§ s-s on > £* 
a 8-5 

"«Si» 
"2 8  a S o o 
t>  e -A 
u  S u a S 3 
8 •"= - O   —    en 

.   w   n   B 

ye
ar

 
m

pl
e 

or
, n

 
te

co
 

u   w  TS '35 01    to    U    ™ 

fs
oi

lp
 

of
 so

il 
co

nt
ra

 
du

ri
ng

 

m
o 

en
t 

th
er

 
ye

d 

og
ra

 
co

nl
 

an
o 

es
tr

o 

sa u gN"0 
S 2-0 S 
8.-S s * «2 «on 
a 5 a. 

dr
oc

ar
bo

 
av

er
ag

e 
w

as
 c

om
 

tH
L

92
4 

s? a* a -9 •ö .S o •§ 
>« S3 ~ a. 

Bill 
S.JS a 2 

M
ill

i 
C

al
c 

W
eU

 
M

on
 

R» J5 •& % 



C/J 

;T 
b* 
ca 
u 

>» 
>w 1 
CO 

■* 

CM 
u ON 
u 1 
09 ,J 
ha a 

£ 
•o 
a 
s 
0 
la 
01 

* 1» 
o CO 

u *H >> 

u 
W 
CO 

(M 1 « ^> 
A CM 

ON 
a 1 » 
0 »I 

a !3 
a 5 
0 
«^ 
u 
0 
J <*. 
u C9 

«N i) 
D 
E c 

£ 
>* 

1 
5« > 

1 
CM 
ON 

1 £ 
- .2 
a 

vi   in   »i   m   n 
Z   Z   Z   Z   2 

a 
D 
u 

•a 
3   2 

e o 
ja 
w 
A 
u 
O 
u 

•O > a 
V) 
a» 

O 

O   m   o   rt   * 
o   ii   m 00 oo °° 

c-   o 

V    V 

o 
o 
00 
■<*■ 

-+   <n   r» 
NO     xj- I   *   r, 

t-     CM VO CM CM 
CM   g g g g •   o o o © 

V ' V V 

n   io   N   w   « 
^H      ^*      f*      *"*      t-l 

©     •   q     • 

> e 
f T 3 T 

~ I s s a 
a aa § Ä 
a 8 S I s 
a a s >» « 
>   S ^ 5 ^ 
h  «  H  U X 

CM ^ 
ON <n 

HS 
u 

<S ,-. 
ON VI 

I      I 

fc8, 
U 

CM .-»Oh 
ON v>| i-. 

CO 
CM   O 

I   >« 

U 

ON vn 

u 

ON &■> 

u 

p 
is 
CO 
Vi 

VO 
H 
i- 
ONW 

CO 
co 

St 
•a 

H 

is CM"-1 

ON 
CO 
CO 

s 
is CM'-1 

ON 
CO 
Vi 

'o 
Vi 

o s *   s   Ö _: © CM    ©    © 

2 v q v v   v 

O    '-'    ON    -•>    CM 
d 9 a °. <=>. 
-    V      •    V    V 

o   s   >o   ^   N 
d   =!   S   q   ° ~    V    ^    V    V 

O      r-l      «H      *-l      CM 
-   o   o   o   o 

o 
CM 

NO 
ON 

o 

v   v V    V    V 

O '-' <**• * w> 
-i o c. T-c o 

2 v P 9 1 
V 

t-    CM    CM    ^- 

*  d   d  1 
"-1    V    V 

O    CM    CM    CM . CM 
*+   d   d   d   c5 
V    V    V    V    V 

©    CM    CM    CM    CM 
-H   ©   ©   ©   d 
V    V    V    V    V 

O     CM     CM     CM     CM 
^  d  d   d  d 
V    V    V    V    V 

O     CM     CM     CM     CM 
-H   d   d   d   d 
V    V    V    V    V 

oo 

Z 

co 
Z 

Z 

CO 
Z 

co 
Z 

a 
a 

u oo 
s 
3 15 
Si u 
0 

B- 
ex 
u 
p 

B 
ca 
i- 

3 00 

o s 
> B 
e II o BO 

a 
u E 
u 
IX a 
U 
eg 
Q. 

1 a 
o 

II o    . 
J3  P* a •O   ON 

o 
"5. 
B ca 
co 
O 
Z 
II 

ON 

o 
a ON ,g 
O   iH   '"' 
- ^ a 

o 

CO 
??N 

JS o 
u 
.8 

a „ 

§^ 
i 

00 oo 'S B 

M a a « a 
» § « 

a § § £ S 
* 3 * - ~ 

o 
3 _ ^     - g « S   a 

H   « H W 

£ 
a 
en 

'S 
SB 

U    U   g *-•   ^H   -S 
o   o. T3 

BJ   u   o 55   as 
8 8.J 8 S I 

a S 8-g 
■SI'S 3 ü b s » 

u 
s 
»9 

§ 

+ 
0 

u 
a o 
00 

§ 

•a 2 S3 o..a 8 
.2 S 'S, B "5. j> 

«   -^ 'S"" 

•S J2 

'5 ° ce)   Q 

1i •=   CU 

a *° * 3 § äs.5 o a 

a 
eg 

•a S  so» C:  °  3 a 

r« a aft^sa 

»     S •& =j "& 2s "a 



11/15/00 09:26 FAX 
DIIC-DC 

AFCEE 111003 
703 76? 9244  P.02/02 

DEFENSE TECHNICAL INFORMATION CENTER 
REQUEST FOR SCIENTIFIC AND TECHNICAL REPORTS 

Title 
IÄ£<Z££ (LclleerLo^.,,  

1.  Report Availability (Please check one box) 

{Ja This report is available, Complete sections 2a -2f. 

□  This report Is not available.   Complete section 3. 

Ha.  Number of 
Copies Forwarded 

2b. Forwarding Date 

£•4 '3.<m! 
2c. Distribution Statement (Please check ONE box) 

DoD Directive 5230,24, 'Distribution Statements on Technical Docuinems." 18 Mar 87. contains seven distribution statements, as 
described briefly bolovj. Technics! documents MUST be assigned a distribution statement. 

fi DISTRIBUTION STATEMENT A: Approved for public release. Distribution is unlimited. 

Ü   DISTRIBUTION STATEMENT B: Distribution authorized to U.S. Government Agencies only. 

D   DISTRIBUTION STATEMENT C: Distribution authorized to U.S. Government Agencies and their 
contractors. 

D   DISTRIBUTION STATEMENT D: Distribution authorised to U.S, Department of Defense (DoD) and U.S 
DoD contractors only. 

□   DISTRIBUTION STATEMENT E: Distribution authorized to U.S. Department of Defense (DoD) 
components only, 

D   DISTRIBUTION STATEMENT F: Further dissemination only as directed by the controlling DoD office 
indicated below or by higher authority. 

D DISTRIBUTION STATEMENT X: Distribution authorized to U.S. Government agencies and private 
individuals or enterprises eligible to obtain export-controlled technical data in accordance with DoD 
Directive 5230.25, Withholding of Unclassified Technical Data from Public Disclosure, 6 Nov 84, 

2d.  Reason For the Above Distribution Statement (in accordance with DoD Directive 5230.24) 

2f.  Date of Distribution Statement 
Determination 

15    /Yh v    .„< ccf> 

2e.  Controlling Office 

3. This report is NOT forwarded for the following reasons.  (Please check appropriate box) 

□ It was previously forwarded to DTIC on „  (date) and the AD number is 

□ It will be published at a later date. Enter approximate date if known. 

D   !"laccordance witn tne provisions of DoD Directive 3200.12, the requested document is not supplied 

Print or Type Najj 

'£Ü&L 
Telephone ~7? 

Signature 

"bTUTIUm^djf- 
mnumb™M/~M~ö3Z2 

TOTAL P.02 


